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REMARKS 

This Amendment and Response is submitted in response to the Final Office Action 

mailed October 20, 2004. Claim 1 has been amended to include the term " svnergistically " with 

reference to the effective amount of chromium complex and biotin. Support for the amendment 

can be found throughout the specification and in the original claims as filed. For example, 

support for the amendment to Claim 1 can be found in Figures 2 and 14 and pages 15 and 25 of 

the Specification. No new matter has been added. Claims 1-20 and 23-54 are pending and 

presented for examination. Reconsideration and withdrawal of the present rejections in view of 

the amendments and comments presented herein are respectfully requested. 

Claims 1. 4-6, 8, 10-13, 17 and 19 are novel under 35 U.S.C. S102(b) in view of Rath (U.S. 
Patent No. 6,693 .129) 

Claims 1, 4-6, 8, 10-13, 17, and 19 were rejected under 35 U.S.C. § 102(b) as anticipated 
by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over Rath (U.S. Patent No. 
6,693,129). According to the PTO, Rath expressly discloses a method of treating high LDL and 
high triglycerides by administering a composition containing biotin and chromium glycinate, 
which allegedly falls within the scope of the claims of the present application. Under 35 U.S.C. 
§ 102(b), a claim is anticipated only if the reference reads on the claim. M.P.E.P. §2131. Each 
element as set forth in the claims is not found in the Rath patent. Accordingly, Applicants 
respectfully submit that Claims 1, 4-6, 8, 10-13, 17, and 19, are not anticipated by the Rath patent 
and request withdrawal of the PTO's rejection under 35 U.S.C. §102(b). 

A review of the Rath patent reveals that it discloses compositions and methods for 
lowering plasma Lp(a) levels in humans. As Table 1 beginning on Column 6, line 45 of the Rath 
patent makes clear, the composition for accomplishing the lowering of plasma Lp(a) levels 
includes no less than thirty-five biochemical compounds in addition to biotin and chromium 
glycinate. Notably, the Rath reference requires numerous active ingredients to achieve the 
claimed beneficial health effects. In contrast, Claim 1 and the claims depending therefrom recite 
a method for treating dyslipidemia consisting essentially of administering an effective dose of 
two bioactive ingredients, a chromium complex and biotin. 

The transitional phrase "consisting essentially of has a well-established meaning, which 
limits the scope of a claim by excluding additional materials or steps that materially affect the 
basic and novel characteristics of the invention. See Atlas Pander Co. v. E.I. duPont de Nemours 
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& Co.. 750 F.2d 1569, 224 USPQ 408 (Fed Cir. 1998). M.P.E.P. §2111.03. Several cases 
decided by the courts have clarified the meaning of "materially affect" as it relates to the 
transitional phrase "consisting essentially of" Courts have repeatedly found that the transitional 
phrase "consisting essentially of excludes all ingredients that impact the basic and novel 
characteristic(s) of the invention. Clearly, all active ingredients that affect the basic and novel 
characteristics of the invention are excluded from the phrase "consisting essentially of." This is 
demonstrated in the tobacco wrapper case. The district court of New Jersey affirmed the findings 
of the Board of Patent Interference Examiners and held that "consisting essentially of excluded 
materials that had a complimentary or benefical effect on tobacco paper. American Machine & 
Foundry Co. v. Liggett & Myers Tobacco Co., 172 F.Supp. 12 (D.C.N. J. 1959). Similarly, in 
PPG Industries v. Guardian Industries Corp. , the Federal Circuit excluded all materials that affect 
spectral properties of glass, holding that any ingredient which caused measurable changes in the 
transmittance or dominant wavelength of the glass would necessarily be excluded from a 
"consisting essentially of claim. 

Claim 1 and the claims depending therefrom recite a composition consisting essentially of 
two specific bioactive ingredients, and therefore exclude other components that materially affect 
the basic and novel characteristics of the invention. In addition to biotin and chromium 
glycinate, the Rath patent recites additional components that materially affect the treatment of 
dyslipidemia. For example, the Rath composition comprises L-arginine for lowering the risk 
factors for cardiovascular diseases including dyslipidemia. L-arginine has been reported to 
normalize glycemia and reduce hyperlipidemia (see Exhibit A, submitted herewith). Thus, 
arginine administration would materially affect lipid levels in an individual. Similarly, L- 
carnitine is known to support fat metabolism to improve cardiovascular health. As reported in 
Exhibit B (submitted herewith), L-carnitine aids in the clearance of triglycerides and fatty acids 
from the blood stream, thereby materially affecting lipid metabolism in an individual. In 
addition, the Rath composition includes folic acid, another bioactive ingredient associated with 
the reduction of LDL (the so-called "bad cholesterol"). See Exhibit C, submitted herewith. 
These additional components, on the face of the Rath patent, substantially influence the 
pharmacological effect of the composition and efficacy of the treatment of dyslipidemia. 
Importantly, these components are absent from Claim 1 and the claims depending therefrom of 
the present application. 
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Because the present claims are limited to compositions consisting essentially of specific 

bioactive ingredients, namely biotin and a chromium complex, and because the Rath patent 

teaches compositions comprising additional components that influence the pharmacological 

effect of the compositions, the Rath reference fails to teach every limitation of the claims. 

Accordingly, the Rath patent does not anticipate Claims 1, 4-6, 8, 10-13, 17 and 19. 

Claims 1, 4-6, 8, 10-13, 17 and 19 are non-obvious under 35 U.S.C. §103(a) over Rath (U.S. 
Patent No. 6,693 ,129) 

Claims 1, 4-6, 8, 10-13, 17 and 19 were likewise rejected under 35 U.S.C. §103(a) as 
being obvious in view of Rath. According to the PTO, the claimed invention is rendered obvious 
within the meaning of 35 U.S.C. 103, because the prior art allegedly discloses products and uses 
that contain "the same exact ingredients/components as that of the claimed invention." See page 
2 of the Final Office Action. Applicants assert that the PTO has failed to give sufficient weight 
to each limitation of the claims, in particular, the use of the transitional phrase "consisting 
essentially of, when evaluating whether the claimed invention is obvious in view of the prior art. 
As will be discussed in greater detail below, Applicants submit that Claims 1, 4-6, 8, 10-13, 17 
and 19 are non-obvious in view of the Rath patent and respectfully request withdrawal of the 
rejection for the following reasons. 

In order to articulate a prima facie case for obviousness, three basic criteria must be met. 
First, there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine the reference teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art references must teach or suggest all the claim limitations. See M.P.E.P. § 
2143. Applicant submits that the contrasts between the present invention and the Rath patent are 
significant and the reference is not sufficient to support a prima facie case of obviousness. 
There is no motivation to modify the reference 

The Examiner has pointed to no motivation to modify the Rath patent to arrive at the 
claimed method of treating dyslipidemia. The Rath patent is directed to a multi-component 
formulation for the treatment of cardiovascular disorders. Specifically, the formulation described 
in the Rath patent includes over thirty-five ingredients. The PTO opines that it would have been 
obvious to omit thirty-five other bioactive ingredients to arrive at a composition consisting 
essentially of chromium and biotin for treating dyslipidemia. 
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The mere fact that the teachings of Rath patent might be modified does not render the 
resultant combination obvious unless the prior art also suggests the desirability of the 
combination. See In re Mills , 16 U.S.P.Q.2d 1430 (Fed Cir. 1990); See, also M.P.E.P. §2143.01. 
The Rath patent is silent with respect to the advantages of selecting only two of the almost forty 
components to treat dyslipidemia as is presently claimed. There is absolutely no teaching or 
indication in the reference to remove the thirty-five other possible bioactive components from a 
pharmaceutical composition to arrive at a method of treating dyslipidemia with only two 
bioactive ingredients, namely chromium and biotin, as is presently claimed. Further, there is 
great benefit in being able to narrow down the number of active ingredients one must use. 

As stated above, Claim 1 and the claims depending therefrom are directed to a method 
consisting essentially of administering a chromium complex and biotin. In In re Fine , the Federal 
Circuit made clear that "[o]ne cannot use hindsight reconstruction to pick and choose among 
isolated disclosures in the prior art to deprecate the claimed invention." 5 U.S.P.Q.2d 1596 (Fed. 
Cir. 1988). Instead, there must be some reason, suggestion, or motivation found in the cited 
references whereby a person of ordinary skill in the art would make the combination and that 
knowledge cannot come from the applicant's disclosed invention. See In re Oetiken 24 
U.S.P.Q.2d 1443 (Fed. Cir. 1992). Absent impermissible hindsight, it would not have been 
obvious to strip away the multitude of efficacious bioactive components disclosed in Rath, select 
only two bioactive components, and arrive at a method of treating dyslipidemia consisting 
essentially of administering a chromium complex and biotin. Accordingly, Claims 1, 4-6, 8, 10- 
13, 17, and 19 are not obvious in view of the Rath patent. 

No reasonable expectation of success in modifying or combining the cited reference 

Furthermore, a prima facie case for obviousness is established only when the PTO 
provides a reference or references that would lead one of ordinary skill in the art to believe that 
he or she would have a reasonable expectation of success in practicing the claimed invention in 
view of the cited art. See In re Merck & Co., Inc .. 231 U.S.P.Q. 375 (Fed. Cir. 1986); M.P.E.P. 
§2143.02. Applicant respectfully submits that it is not reasonable to expect that two ingredients 
selected from the numerous possible bioactive ingredients disclosed in Rath, would act 
complementarity to treat dyslipidemia as claimed in the present invention. 

Applicant further submits that there is no reason to believe that the teachings of Rath 
describe a method of treating dyslipidemia consisting essentially of administering a chromium 
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complex and biotin as described in Claim 1 and the claims depending therefrom of the present 
invention. Due to the unpredictable synergistic result of the combination of chromium and biotin 
as claimed in the present invention, it would not have been obvious to one of skill in the art to 
derive a method of treating dyslipidemia consisting essentially of administering a chromium 
complex and biotin from the multi-component formulation described in Rath. For these reasons, 
Claims 1, 4-6, 8, 10-13, 17, and 19 are non-obvious in view of Rath. 
The references do not teach or suggest all of the claim limitations 

Finally, in order to establish a case for obviousness, the Examiner must cite prior art that 
teaches or suggests all the claim limitations. See M.P.E.P. § 2143.03. For the same reasons set 
forth in the response to the § 102 rejection, the Rath patent fails to teach or suggest all of the 
claim limitations. As outlined above, Claims 1, 4-6, 8, 10-13, 17, and 19 relate to a method for 
treating dyslipidemia consisting essentially of administering a chromium complex and biotin. As 
noted above, the "consisting essentially of transitional phrase limits the scope of a claim to the 
specified materials or steps and excludes materials or steps that materially affect the basic and 
novel characteristics of the invention. Because the Rath patent recites and claims a composition 
comprising far more than a chromium complex and biotin, it does not read on the pending 
claims. The reference therefore does not teach each and every limitation of claims 1, 4-6, 8, 10- 
13, 17 and 19, and therefore fails to establish prima facie obviousness. 

In view of the deficiencies discussed above, the Rath reference is not sufficient to support 
a prima facie case of obviousness. Therefore, Applicants request withdrawal of this rejection. 

Claims 1-20 and 23-54 are non-obvious under 35 U.S.C. S103(a) in view of McCartv (U.S. 
Patent No. 5J89,401) or McCartv (U.S. Patent No. 5,929,066), in further view of de la 
harpe et al. (U.S. Patent No. 5,948/772) and Brand-Miller 

Claims 1-20 and 23-54 were rejected under 35 U.S.C. §103(a) as being unpatentable over 

McCarty et al. (U.S. Pat. No. 5,789,401) or McCarty (U.S. Pat. No. 5,929,066) in view of de La 

Harpe (U.S. Pat. No. 5,948,772), Jensen (U.S. Pat. No. 5,194,615) and Brand-Miller {Am. J. 

Clin, Nutr. 59(suppl):747S-752S, 1994). As detailed above, three basic criteria must be met in 

order to establish a prima facie case of obviousness. M.P.E.P. §2142. If the prior art fails to 

meet one or more of the criteria, a prima facie case of obviousness cannot be asserted. The prior 

art references have been extensively characterized in previous Office Actions and Amendment 

and Responses to Office Actions. For the sake of brevity, Applicants will not duplicate prior 
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arguments or repeat previous characterizations of the prior art. However, Applicants continue to 
maintain that the PTO has failed to establish a prima facie case of obviousness and request 
withdrawal of the claim rejections under 35 U.S.C. § 103(a) for the reasons of record and for the 
reasons articulated below. 

The PTO states that the rejection of Claims 1-20 and 23-54 as obvious under 35 U.S.C. 
§103 (a) is based on a combination of references which allegedly teach or suggest the claimed 
invention. The PTO reiterates its position that Applicants have impermissibly attacked 
references individually rather than considering what the combined teachings of the references 
would have suggested to one of ordinary skill in the art. While Applicants agree with the PTO's 
position that there is no requirement that the claimed invention be expressly suggested in any one 
or all of the references, Applicants maintain that there must be disclosure or a suggestion for each 
idea linking the methods of the present claims to their intended purposes, with a reasonable 
expectation of success somewhere in the combined disclosure of the references. Applicants 
assert that the cited art fails to provide the requisite motivation to practice the claimed invention. 

Claims 1-20 of the present invention are directed to a method of treating dyslipidemia 
consisting essentially of administering chromium and biotin. Claim 23 and the claims depending 
therefrom relate to a method of reducing the glycemic index of food by administering chromium 
and biotin. Claim 31 relates to a method for lowering post-prandial hyperglycemia via the 
administration of chromium and biotin. The present invention is based, in part, on the surprising 
discovery that the co-administration of chromium and biotin can facilitate the treatment and 
recovery of individuals suffering from a variety of medical conditions including dyslipidemia and 
hypercholesterolemia caused or exacerbated by insulin insensitivity or post-prandial 
hyperglycemia. Applicants have discovered that if you take a chromium complex in combination 
with biotin, one can prevent the elevation of glucose levels in response to food. As stated above, 
the use of the transitional phrase "consisting essentially of' in Claim 1 limits the claim by 
excluding additional materials or steps that materially affect the basic and novel characteristics of 
the invention. None of the references cited by the Examiner teach or suggest a composition or 
method consisting essentially of merely two bioactive ingredients, namely chromium and biotin. 
Additionally, all of the cited references are completely silent with respect to methods or 
compositions for preventing the elevation of glucose levels in response to food, i.e. a method of 
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treating post-prandial hyperglycemia. Furthemore, none of the references disclose or suggest a 
mechanism by which the glycemic index of food can be lowered as is presently claimed. 

Applicants submit that there is no support in the prior art for the PTO's inference that a 
treatment for ineffective insulin and compromised glucose metabolism would subsequently 
provide a treatment for hypercholesterolemia in diabetes as well. No mechanism for the activity 
of biotin is suggested, disclosed or supported by the combined disclosure of the prior art. 

Turning to the specifics of the PTO's argument, the PTO asserts that the de La Harpe 
patent ('772) clearly discloses that hypercholesterolemia is present in diabetes. The PTO then 
opines that since diabetics suffer from ineffective insulin and compromised glucose metabolism 
and since hypercholesterolemia is present in diabetics, that one with skill in the art would expect 
that by administering biotin, a substance "known to make insulin more effective" according to 
the PTO, hypercholesterolemia can be treated. However, the PTO is erroneously drawing a 
causal connection between hypercholesterolemia and diabetes, a connection which is neither 
taught nor suggested by the prior art references. Specifically, the PTO has mistakenly concluded 
that since diabetics suffer from ineffective insulin and compromised glucose metabolism and that 
hypercholesterolemia is often present in diabetics, it follows that the ineffective insulin and 
compromised glucose metabolism are the cause of hypercholesterolemia in diabetics and that by 
treating ineffective insulin and compromised glucose metabolism, hypercholesterolemia will also 
be treated. 

The PTO has seemingly ignored the fact that there is simply no factual support in the 
prior art references for such conclusions. Applicants reiterate that the coincidence of multiple 
symptoms or syndromes indicative of disease in a patient population is not evidence of a causal 
relationship between those symptoms or syndromes. The symptoms or syndromes may be 
unrelated or they may each be an effect of an additional condition. None of the references, alone 
or combined, suggest a causal relationship in which hypercholesterolemia is a consequence of 
ineffective insulin and compromised glucose metabolism. 

There is also no disclosure or suggestion in the references as to a mechanism by which 
biotin affects glucose tolerance. According to the PTO, it is known from the disclosures of the 
prior art that biotin acts by making insulin more effective However, Applicants submit that the 
disclosure of the prior art references makes no such claim and actually teaches away from the 
PTO's conclusion. Any judgment on obviousness must only be based on knowledge which was 
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within the level of ordinary skill in the art at the time the claimed invention was made. The mere 
fact that the reference teachings might be combined or modified does not render the resultant 
combination obvious unless the prior art also suggests the desirability of the combination. See In 
re Mills , 16 U.S.P.Q.2d 1430 (Fed Cir. 1990); See, also M.P.E.P. §2143.01. Applicants submit 
that any evidence or suggestion of the effectiveness of biotin in altering serum lipid levels in any 
circumstance or as part of any composition is found exclusively in the disclosure of the present 
application. In In re Fine , the Federal Circuit made clear that "[o]ne cannot use hindsight 
reconstruction to pick and choose among isolated disclosures in the prior art to deprecate the 
claimed invention." 5 U.S.P.Q.2d 1596 (Fed. Cir. 1988). Instead, there must be some reason, 
suggestion, or motivation found in the cited references whereby a person of ordinary skill in the 
art would make the combination and that knowledge cannot come from the applicant's disclosed 
invention. See In re Oetiker . 24 U.S.P.Q.2d 1443 (Fed. Cir. 1992). Absent impermissible 
hindsight, it would not have been obvious to a skilled artisan that biotin would be effective in 
altering serum lipid levels. As there is no suggestion that biotin supplementation would affect 
lipid levels in any way in the cited prior art, the use of biotin to affect lipid levels is not obvious. 

The PTO alleges that Applicants have provided no evidence that the use of the phrase 
"consisting essentially of excludes one or more of the components in the Rath patent. 
Applicants assert that they have fully articulated why the use of the phrase "consisting essentially 
of excludes all bioactive ingredients enumerated in the Rath patent which materially affect the 
basic and novel characteristic of the claimed invention. The citation of Rath, therefore, adds 
nothing to the PTO's assertion that the present claims are obvious in view of the prior art and 
cannot support a case for obviousness. As detailed above, the Rath patent does not disclose or 
suggest the claimed invention as the Rath patent fails to teach each and every limitation of the 
claims as required under 35 U.S.C. § 103(a). Further, Applicants' characterization of this claim 
term in this file history is the type of evidence that is relied on by courts in interpreting the claim. 
The PTO is justified in relying on the Applicants' interpretation of the claim limitation, and 
Applicants are entitled to define or ascribe meaning to claim terms. 

As the combined disclosure of the prior art references fails to meet any of the criteria for 
a prima facie case of obviousness, Applicants respectfully request the withdrawal of the 
rejection of Claims 1-20 and 23-27 under 35 U.S.C. § 103(a) as being unpatentable in view of the 
cited prior art. 
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The synergistic effects of chromium and biotin on serum lipid levels is unexpected 

The PTO restates in the pending Office Action that the evidence of synergy is not 
commensurate in scope with the breadth of the claims because "only specific amounts are tested 
and only glucose uptake and HDL-change are shown." According to the PTO, the McCarty 
patents disclose the synergistic effects of administering a composition of chromium and biotin, 
thus any synergy seen in the administration of chromium and biotin would be expected. 
Applicants respectfully disagree. 

Figures 2 and 14 present evidence of the synergy of chromium and biotin on changes in 
HDL levels and glucose uptake. In each experiment, a variety of chromium and biotin amounts 
are administered alone or in combination. The figures show that the administration of a 
composition of chromium and biotin together has a greater than additive effect on glucose uptake 
and on changes in HDL levels in laboratory rats. 

Contrary to the position taken by the PTO, the specific amounts of biotin and chromium 
tested are more than sufficient to show the synergistic effects. One with skill in the art would 
expect to see synergistic effects with the administration of other amounts of chromium and biotin 
found in the ranges given in the claims. Additionally, one with skill in the art would appreciate 
that the absolute levels of various blood lipids is not as important as the ratios between the 
concentrations of the lipids when evaluating a patient's risk for disease due to dyslipidemia. 
Hence, a rise in HDL levels would indicate reduced risk for disease and would be evidence of a 

The prior art collectively contains no support or suggestion of a role for biotin in the 
treatment of dyslipidemia and does not disclose, suggest or teach that a composition of chromium 
and biotin administered together would have any effect on serum lipid profiles beyond those seen 
with the administration of chromium by itself, let alone synergistic effects on changes in HDL 
levels. Hence, the combined disclosure of the prior art fails to meet any of the criteria for a 
prima facie case for obviousness. 
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CONCLUSION 



In view of the foregoing amendments and remarks, Applicants respectfully submit that 
the present application is in condition for allowance. Nevertheless, the PTO is invited to contact 
the undersigned at the telephone number appearing below to discuss any remaining issues. Any 
claim amendments which are not specifically discussed in the above remarks are made in order to 
improve the clarity of claim language, to correct grammatical mistakes or ambiguities, and to 
otherwise improve the capacity of the claims to particularly and distinctly point out the invention 
to those of skill in the art. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 11-1410. 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Mallary K. de Merlier 
Registration No. 51,609 
Attorney of Record 
Customer No. 20,995 
(619) 235-8550 
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Regulation of hyperglycemia and dyslipidemia by exogenous L-arginine in diabetic rats. 
Biochimie 2001 May;83(5):453-8 (ISSN: 0300-9084) 
Mendez JD; Balderas F 

Medical Research Unit in Metabolic Diseases, National Medical Center, Mexican Institute of Social 
Security, P.O. box 73-032, Mexico City, 030-20 D.F., Mexico, mendezf@servidor.unam.mx . 

The effect of L-arginine on the pattern of lipids and lipoproteins in normal and diabetic rats was 
studied. Three groups of 48 rats were studied during 12 days and compared with a control group 
(Group I, n = 5). Group I consisted of normal rats not treated with L-arginine. Group II. Normal 
rats treated with 10 mM L-arginine (i.p.). Group III. Diabetic rats (alloxan 120 mg/kg, i.p.) not 
treated (diabetic control). Group IV. Diabetic rats treated with 10 mM L-arginine (i.p.). The rats of 
each group were divided in subgroups of four each. Rats were anesthetized and blood was taken 
from aorta to determine glucose, triglycerides, cholesterol, total lipids, and low (LDL) and high 
density lipoproteins (HDL) and their corresponding apoproteins (Apo A-l and Apo B-100). We 
observed that the alloxan concentration used in this study reproduces the clinical manifestations of 
disease including hyperglycemia (from 132.5 +/- 7.6 to 544.3 +/- 16.9 mg/dL) in 96 h. As a 
consequence the levels of triglycerides, cholesterol, total lipids, and LDL and its apoprotein Apo B- 
100 were increased, whereas HDL and its apoprotein Apo A-l were diminished. The L-arginine 
injection tends to normalize the glycemia from 24 h; similarly, hyperlipidemia (triglycerides from 
924.7 +/- 220.1 to 68.5 +/- 8.4 mg/dL, cholesterol from 107.7 +/- 0.6 to 64.5 +/- 4.2 mg/dL, LDL 
from 24.2 +/- 2.5 to 8.0 +/- 2.9 mg/dL) was also diminished. These results suggest that the 
beneficial effect of L-arginine administration on serum glucose values and lipid levels in diabetic 
rats can be mediated by polyamine formation, although the effect of L-arginine on insulin release 
as observed by other authors is not discarded. 
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COCHRAN FOUND A TION OF MEDICAL RESEARCH Specializing 

in Cardiovascular and Autoimmune Diseases • Clinical Test Trials Operating in United States and 
India • Eight Medical Doctors and Biochemist on Staff with over 200 years of medical training and 

experience 

• L-CARNITINE Report up-date on June 8, 1997 

L-Carnitine supports fat metabolism for cardiovascular health. L-Carnitine transports long-chain fatty acids into the 
mitochondria of each cell. The fats are then broken down into energy, which is used to fuel the cardiovascular and 
Muscular Systems of the body. 

When insufficient levels of L-Carnitine are present, then too few fatty acids are transported into the cell. Instead of 
being effectively utilized as fuel, the fat builds up in the bloodstream and as a result, lethargy, muscle weakness, and 
fatigue will happen. Long term cardiovascular health and maintenance is sacrificed in the process. 

L-Carnitine is found naturally in red meat (So is Coenzyme Q-10) so the supplementation for vegetarians is of the 
uppermost importance. Especially since as we age the level of this amino acid drops throughout the aging process. In 
addition, as the body ages, it becomes less efficient at metabolizing nutrients, so that the elderly will benefit greatly 
from L-Carnitine supplements. 

By enabling the body to operate more efficiently by utilizing fat for energy, L-Carnitine enhances Energy, Stamina 
and metabolic rate levels. Clinical studies have shown an increase in exercise and cardiovascular tolerance and a 
decrease in fatigue in cardiovascular disease patients who took supplemental L-Carnitine. By ensuring adequate 
utilization of fatty acids to fuel the heart and other essential organs, L-Carnitine is able to help combat fatigue, 
enhance the body's energy levels and help build lean muscle mass and increase stamina and the metabolic rate of the 
body. 

Carnitine is important in the regulatory effect upon fat metabolism in the heart and skeletal muscles. Under our 
medical trials it has been shown to stimulate fat metabolism and it assists in the clearance of triglycerides and fatty 
acids from the blood stream. In human metabolism, the amino acid transport system is utilized in the transfer of fatty 
acids across the cell membrane and on to the mitochondria. It is here at the mitochondria level; once the fatty acids 
are finally delivered that they can be used as an efficient source of fuel for generating energy on a cellular level for 
the body. Carnitine is not a vitamin but is an amino acid, and is found only in animal muscle tissue and organs. 
Carnitine can't be source from vegetable or fruit diets. The highest concentration level of Carnitine found in the 
human body is in one's internal organs and skeletal muscle groups. 

We have found that there is a great different between men and woman for the internal need for this amino acid. Men 
have and need to have a much a higher blood level of Carnitine then women. This is because the highest level of 
Carnitine is found in the epididymis of the testes in males. Carnitine is necessary for energy metabolism with in the 
sperm for proper mobility, to strengthen and enhance the sperm metabolic rate for fertilization. In humans or 
mammals that have low to very low Carnitine blood level, sperm just doesn't have the proper strength levels to supply 
them with the required energy to complete their course to the female egg in waiting. 

Our Medical trials are currently underway and we have experienced some very striking results with regards to both 
cardiovascular diseases and Fertility. Additional information will be added when our trial data is reviewed and 
complied. 

P.O. Box # 9060, Cedarpines Park, California USA 92322. - Ph # (909) 338-7012 ■ Fax U (909) 338-4010 Cochran- 
Foundation@worldnet.att.net Cochran -Foundation -India, -#-3031-/-E-Flat-#-2, -8th -Main, -Bangalore, -India. -Fax-U-91-80- 

528-0632 kpravin@giasbg01.vsnl.net.in 
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Does Oral Folic Acid Lower Total Homocysteine Levels and 
Improve Endothelial Function in Children With 
Chronic Renal Failure? 

K. Bennett-Richards, MB, BS, MRCP; M. Kattenhorn, BSc, Hons; 
A. Donald, AVT; G. Oakley, RGN, MSc; Z. Varghese, PhD, FRCPath; 
L. Rees, MD, FRCP, FRCPCH; IE. Deanfield, FRCP 

Background — Accelerated vascular disease is common in chronic renal failure (CRF) and accounts for significant 
mortality and morbidity. Elevated homocysteine levels may contribute by an effect on endothelial function. 

Methods and Results — We performed a double-blind placebo-controlled randomized crossover trial of folic acid at 5 
mg/m 2 in 25 normotensive children 12±3 (7 to 17) years of age with CRF (glomerular filtration rate 26. 8± 13.2 mL/min 
per 1.73 m 2 ) of noninflammatory etiology. Each subject underwent two 8-week periods of folic acid and placebo 
separated by an 8-week washout period. The effect of folic acid on homocysteine levels, LDL oxidation, and both 
endothelial-dependent and -independent vascular function were measured. After oral folic acid, serum folate levels rose 
from 11.7±4.25 to 635±519 jutg/L (P=0.001), red cell folate levels rose from 364±195 to 2891 ±2623 /xg/L 
(/><0.001), and total homocysteine levels fell from 10.28±4.16 to 8.62±2.32 /xmol/L (P=0.03). In addition, there was 
a significant improvement in flow-mediated dilatation (FMD) (endothelial-dependent dilatation) from 7.21 ±2.8% to 
8.47 ±3.01% (P=0.036) with no change in response to glyceryl trinitrate (endothelial-independent dilatation). There 
was no significant change in FMD or glyceryl trinitrate during the placebo phase. There was, however, no significant 
difference in final FMD after placebo or folic acid. Lag times for LDL oxidation were prolonged during the treatment 
phase (58.4±18.7 to 68.1 ±25.9 minutes, />=0.01). 

Conclusion — Folic acid supplementation in children with CRF may improve endothelial function with an increased 
resistance of LDL to oxidation. {Circulation. 2002;105:1810-1815.) 

Key Words: homocysteine ■ folic acid ■ renal failure^, endothelium * - 
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remature atherosclerosis is a major cause of morbidity celerated atherosclerosis" in CRF. In vitro and in vivo studies 
and mortality in adults-w.ith chronic renal failure (CRF). ^suggest that homocysteine causes endothelial dysfunction 



p 

This may be due notjBnly to the increased incidence of classic fieither^directly or yia intermediate reactions by increasing 
risk factors such a|||glucose intolerance, hypertension^ and] | ! oxidizegj LDL levels. 9 Even modestly elevated homocysteine 
dyslipidemia but alsc|to a direct a|ver|e effect of GRR 1 i \ j< levels" may be particularly damaging in the presence of the 
dothelial dysfunctiom^a ke^arlyl^ .^atherogenic nsk profile^ot^RF.ii L J£L 



We have demonstratediendotheiial dysfim nsk profile^ 

event in atherogen e| is ^ m^^ levels in 
tional classic risk faTcj^£s^rTp| Sne' »^^^^^^^^^^^^^pB|^^^^fflgachial artery endothe- 

possible mechanism for endothelial damage in CRF is the Hal mnctionJ 1 - 13 In CRF, there appears to be relative resis- 

presence of high circulating levels of homocysteine. Homo- tance to folic acid, but supplementation in adults with doses 

cysteine is a sulfur-containing amino acid formed as an of 5 to 15 mg/day can decrease homocysteine levels by as 

intermediate during the metabolism of methionine, which has much as 40% to 50%. 14 The impact on endothelial function 

been shown in population studies to be an independent risk has, however, been disappointing. 1 5 ~ 17 

factor for both vascular disease 3 - 4 and myocardial infarc- We report the use of high-resolution ultrasound to study 

tion. 5 - 6 In CRF, homocysteine is also an independent risk the effect of folic acid supplementation on homocysteine and 

factor, 7 and in dialysis patients, hyperhomocystinemia is vascular function in children with moderate to severe CRF. 

more prevalent than traditional cardiovascular risk factors. 8 Children were selected specifically both to reduce the influ- 

Homocysteine may, therefore, contribute to aggressive "ac- ence of confounding factors and, thus, provide a clinical 
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model of uremic influences on the arterial wall and to 
determine whether early intervention might have greater 
vascular benefits than those seen in adults. 

Methods 

Subjects 

Twenty-five children (11 girls and 14 boys, mean age 12 ±3 years 
[range 7 to 17 years]) with CRF (glomerular filtration rate <50 
mL/min per 1 .73 m 2 ) were recruited from the outpatient department 
at Great Ormond Street Hospital for Children. Twenty-four children 
had congenital structural causes of CRF, and 1 child had an acquired 
(cortical necrosis) cause of CRF. Sample size was based on an 
estimated benefit of 2% in flow-mediated dilatation (FMD) with 
80% power and a 5% significance level. We excluded children who 
were smokers, hypertensive, diabetic or nephrotic, or on vasoactive 
medication or dialysis. No child received folic acid supplementation 
or vitamins (apart from activated vitamin D) before the study. The 
local research ethics committee approved the study, and informed 
consent was obtained from the parents or guardian or from the 
patient in those >16 years of age. 

Study Design 

We performed a randomized, placebo-controlled, double-blinded, 
crossover trial with two 8-week treatment periods separated by an 
8-week washout period. Folic acid was given at a dose of 5 mg/m 2 
surface area (Special Products Ltd, Addlestone, Surrey, UK, who 
also prepared the placebo). 

Children were evaluated at the start and the end of each treatment 
period. At each visit, supine blood pressure was recorded, blood was 
taken (after a 6-hour fast), and vascular function was assessed. 

Assessment of Vascular Function 

Endothelial function was determined by recording the dilator re- 
sponse of the brachial artery to increased blood flow generated 
during reactive hyperemia (FMD). Subjects lay supine in a 
temperature-controlled laboratory (22°C to 25°C). The brachial 
artery was scanned in longitudinal section with a 7-MHz linear array 
transducer and an XP 128/10 (Acuson), magnified using a resolution 
box function and gated with the R wave of the ECG. End-diastolic 
images of the vessel were acquired every 3 seconds using data 
acquisition software (Information In^rity^|U^u^o(i^the^whol^ 
study and were stored offline for later analysis. Arterial diameter 
over a 1- to 2-cm segment was jdeteKiine |j for ejch imag||usin§j 
automatic edge detection software (Information Integrity)! Analysis:,, 
was performed by an experienced vascular technician blinded to the 
phase of the study. jWiffifpuIse-wave Dopplej, blood flow was 
recorded continuously^throughout the study and was expressed us the 
velocity time integral (area under the blood velocity/time curve for a 
complete cardiac cycle). Baseline recordings of arterial diameter 
were made for 1 minute before inflation of a blood pressure cuff 
placed distal to the site of arterial imaging. Recording continued for 
5 minutes during cuff inflation to 300 mm Hg and for 4 minutes after 
deflation. The time point of maximum change in diameter was also 
recorded. Endothelium-independent dilatation of the brachial artery 
was assessed by measuring the dilator response to a 25-/Ag dose of 
the nitric oxide (NO) donor, glyceryl trinitrate (GTN) given sublin- 
gually. This elicited vascular dilatation of the same magnitude as that 
of the endothelium-dependent flow stimulus. Results are expressed 
as both percentage and absolute maximum change in vessel 
diameter. 

Laboratory Assays 

Full blood count, urea, creatinine, bicarbonate, and electrolytes were 
measured (Vitros 750, Ortho-Clinical Diagnostics). Fasting lipid 
analyses were performed for total cholesterol, HDL, and triglycer- 
ides with colorimetric assays (Vitros 750, Ortho-Clinical). LDL 
values were calculated, and LDL subfractions were measured with 
high-resolution polyacrylamide gel electrophoresis (Quantimetrix), 
reported as the ratio of less dense to more dense 



TABLE 1. Physical and Biochemical Characteristics at Entry of 
the 23 Children Who Completed the Study 

Mean±SD 



Age, years 


11.5±3 


Sex, male:female 


13:10 


Height, cm 


144.3±17.9 


Weight, kg 


40.9±14.7 


Systolic/diastolic blood pressure, mm Hg 


110±10/67±9 


Glomerular filtration rate (NR: 80-120 


28.3±12.7 


mL/min per 1 .73 m 2 ) 




Serum creatinine (NR: 40-102 /llitioI/L) 


229±193 


Total homocysteine (NR: 4.4-137 /xmol/L). 


9.85±3.57 


Serum total cholesterol (NR: 


4.74±1.05 


3.1-5.4 mmol/L) 




Serum triglycerides (NR: 0.4-1 .4 mmol/L) 


1.66 ±0.65 


Hemoglobin (NR: 13-16 g/dL) 


12.8±1.49 



Normal range (NR) is given where appropriate. 

(LDLl+2:LDL3+4-f5). LDL lag times were measured by isolating 
LDL with density-gradient ultracentrifugation and were desalted by 
gel filtration. Oxidation was promoted with copper, conjugated diene 
production was monitored, and lag times were generated. 18 Total 
serum antioxidant activity was measured with a chemiluminescent 
assay. This is based on a catalyzed oxidation of luminol (chemilu- 
minescent substrate) by hydrogen peroxide, which generates free 
radicals. The duration of suppression of this reaction by the subject's 
serum is a measure of its total antioxidant capacity. This is compared 
against a standard curve created by a calibrant and provides a rapid, 
reproducible measure of antioxidant defense in biological fluids. 19 
Serum and red cell folate levels were determined with a radioimmu- 
noassay (Abott IMx) with a normal range for serum folate of 2 to 20 
/i-g/L and for red cell folate^of ^50* to, 650 /xg/L. Plasma total (free 
and bound) homocysteine was measured with* at competitive fluores- 
cence polarization immunoassay (normal range 4.4 to 13.7 ^tmol/L 
jfor adults, Abbot IMx). 



Analysis ^ -fR^*& 
Each subject jservedjas their own control. The data were tested for 
| normality' with the Shapiro- Wi Iks and the modified Kolinogorov- 
! J^Srriirnov tests.^Ihe^d&ta were^ahalyzed,. i n . 2^way s . First, change in 
FMD (post-treatment value minus pretreatment value) on folic acid 
or placebo was "compared with a paired /'test. Second, final FMD 
after folic acid anfl lS&Slj^^ with ANCOVA. 20 

All descriptive data are expressed as group mean±SD, and signifi- 
cance is interpreted as P<0.05. 

Results 

The clinical and biochemical characteristics of the study 
group are shown in Table 1 . Twenty-three children completed 
the study. One child was transferred to peritoneal dialysis, 
and 1 child received a renal transplant. 

Effect of Folic Acid 

There was no effect of folic acid on hemoglobin or renal 
function (Table 2). At entry to the study, serum folate 
(13.7±3.58 /Lig/L) and red celt folate levels (334±202 /ig/L) 
were normal. Folic acid produced a significant increase in 
both serum folate (11.7±4.25 to 635±519 /Ltg/L, / ) =0.001) 
and red cell folate (364± 195 to 2891 ±2623 /utg/L, /><0.001) 
levels during the treatment period. 

During placebo, there was no change in serum or red cell 
folate levels when the placebo phase preceded the folic acid 
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TABLE 2. Biochemical Responses to Folic Acid and Placebo 





Baseline 


After Placebo 




Baseline 


After Folic Acid 




Serum folate (NR: 3-20 /imol/L) 


17.0± 


8.9 


12.4±6.0 


NS 


13.1 


±8.8 


635 


±519 


0.001 


Red cell folate (NR: 150-650 /xmol/L) 


596 ± 


468 


405 ±168 


0.02 


364 


±195 


2891 


±2623 


0.0004 


Total homocysteine (NR: 4.4-13.7 ^mol/L) 


9.02± 


2.19 


9.84±2.74 


NS 


10.28 


±4.16 


8.62 


±2.32 


0.03 


Total antioxidant activity (normal: 440 /xtrolox Eq) 


188± 


66 


216±74 


NS 


203 


±80 


207 


±74 


NS 


LDL lag times (normal: 60 min) 


62.8 ± 


17 


63.2±13 


NS 


58.4 


±18 


68.4 


±25 


0.001 



Results are given as mean±SD. Normal ranges (NR) in brackets. NS indicates not significant. 



phase (13.6±4.6 to 10.68±5.76 /ig/L, and 348±244 to 
351 ±127 /ig/L, P=ns). However, in the children who re- 
ceived placebo after folic acid, the serum folate changed from 
20±9.9 to 14.01 ±6.08 jug/L (P=ns) and the red cell folate 
changed from 820±517 to 470±185 Lig/L (P=0.02) during 
the placebo phase. These postplacebo levels were higher at 
the end of the study than at entry, which suggested a carry 
over effect for red cell folate. 

Homocysteine Levels 

Homocysteine levels at entry to the study were greater 
(9.85±3.57 Ltmol/L) than published data on normal children 
(Table 2). There was a significant fall in total homocysteine 
levels after folic acid (10.28±4.16 mol/L to 8.62±2.32 
mol/L, />=0.03) but not in the placebo phase (9.02±2.19 to 
9.84±2.7 /xmol/L, P=0.3). 

Lipid Analysis 

Baseline total cholesterol levels were within the normal range 
(4.74±L05 mmol/L), and there was no significant change 
with treatment or placebo. Triglycerides were elevated above 
the normal range (1.66±0.65 mmol/L) and were unchanged 
after folic acid or placebo (Table 2). HDL and LDL choles- 
terol were within the normal range at baseline 
(1.36±0.36 mmo^fnorrh^ range 0.93 to 1.94] and 
2.7±0.8 mmol/L [rJrmal range L63 to 3.63]^ respectively^ 
and did not chang§significantl)||with either treatment or| 
placebo. 



Oxidant Stress .pKi»--^^::^-ia!S f^;r;«^^ 
Baseline values fo%JEDL lag times were within the normal 
range (Table 2). There was a significant increase in LDL lag 
times after folic acid (58.4±18.7 to 68.1 ±25.9 minutes, 
P=0.01) compared with placebo (62.8±17.4 to 63.2±13.3 
minutes / > =0.92), which suggests that folic acid supplemen- 
tation reduced susceptibility of LDL to oxidation. Ratios of 
LDL to HDL (25±37 to 24±34, P=ns) remained unchanged 
during treatment and placebo phases (22±32 to 30±36, 
.P=ns) as did total serum antioxidant activity (204±80 to 
208±74 on treatment vs 188±65 to 216±74 /xtrolox Eq on 
placebo, P=ns). 

Effect of Folic Acid on Vasomotor Function 

There was no significant change in baseline arterial diameter, 
baseline arterial flow, or peak reactive hyperemia after folic 
acid or placebo (Table 3). 

Endothelial-Dependent Dilatation: FMD 

A significant improvement in FMD, expressed as percentage 
and absolute change in vessel diameter (7.21 ±2.81% to 



8.47±3.01%, P=0.036, and 0.217±0.106 cm to 
0.252 ±0.081 cm, P=0.47), was seen after folic acid, which 
was not seen after placebo (8.20±3.41% to 8.80±4.01%, 
P=0.44, and 0.244±0.102 cm to 0.276±0.104 cm, />=0.14). 
There was, however, no statistically significant difference in 
post-treatment FMD after placebo or folic acid (P=ns). Mean 
time of maximum dilatation after cuff release was not 
significantly different before or after treatment phases (pre- 
placebo 54±16 seconds, pre-folic acid 59±13 seconds, 
postplacebo 65±19 seconds, and post-folic acid 66±17 
seconds). No carry over or period effect on FMD was 
detected (P=0.2 and P=0.17, respectively). 

Endothelial-In dependent Dilatation: GTN 

There was no significant change in response to GTN on either 
folic acid (12.59±6.5% to 11.58±5.39%, P=0.28, and 
0.374±0.136 cm to 0.35±0.129 cm, P=0.4) or placebo 
(12.93±5.71% to 13.75±6.46%, P=0.32, and 0.390±0.1 19 
cm to 0.404±0.170 cm, P=0.5). There was no significant 
change in resting .heart rate or supine blood pressure after 
folic acid or placebo. /V s < ? 

Discussion 

This study shows that in children with CRF, supplementation 
[with high-dose folic acid for 8 weeks results in reduction in 
homocysteine levels, decrease in LDL susceptibility to oxi- 
dation, and improvement in endothelial function. These 
encouraging findings contrast with the disappointing effects 
of folic acid supplementation on vascular function in adults 
with renal disease. 

Increased cardiovascular mortality and morbidity is well 
recognized among adults with CRF. 21 The adverse impact of 
CRF on cardiovascular mortality and morbidity in the young 
is, however, even greater, with a 500 X higher rate of 
cardiovascular death than a control population. 22 Homocys- 
teine levels are consistently elevated in adults with CRF, and 
this has been suggested to play a role in the pathogenesis of 
atherosclerosis, especially in view of its strong association 
with death from vascular disease in the non-uremic popula- 
tion. 4 ' 6 * 23 A high prevalence of other risk factors exists in 
CRF, but an independent association has been found between 
elevated total homocysteine levels and the risk of myocardial 
infarction. 24 The data on homocysteine in children is limited. 
Elevated total homocysteine levels (12.6±5.2 vs 8.2±3.3 
M-mol/L, P= 0.004) have been reported in CRF children 
compared with controls. 25 Total homocysteine levels at entry 
to our study (9.85 ±3.57 /xmol/L) were also elevated in 
comparison to these controls. 
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(■ = GTN p=ns, a=FMD p= 0.036 ). 



In 
I 



I. 





(■ = GTN p=ns, a=] 



Change in mean (±SE^brachial^arte|y di!afetion|>n folic^acid (A) 
and placebo (B). 




Homocysteine leyels^can^bejowcred vvi th fo 1 1 cia'cid; ;1 hisg 
increases tissue methylation of homocysteine to form methi- 
onine in both uremic and non-uremic individuals, even in the 
presence of normal folate levels. Studies in adults with 
hyperhomocystinemia and hypercholesterolemia have shown 
improvement in endothelial function as a consequence of 
lowering total homocysteine with folic acid. 1113 - 26 Similar 
studies in CRF have been disappointing. In patients with CRF 
and those on dialysis, no improvement in endothelial function 
has been demonstrated despite significant reductions in ho- 
mocysteine. Thambyrajah et al 15 recently published a pro- 
spective double-blind trial in which 100 adults with a mean 
glomerular filtration rate of 30 mL/min and a baseline total 
homocysteine of 20. 1 /xmol/L were randomized to either folic 
acid or placebo. They achieved mean serum folate levels of 
39 /ig/L and red cell folate levels of 739 /xmol/L with 5 mg 
of folic acid for 12 weeks. These values were lower than 
those achieved in this study. No improvement in endothelial 
function (using FMD) was seen despite a significant reduc- 



tion in total homocysteine. Van Guldener et al 27 treated 30 
adults on peritoneal dialysis for 12 weeks with 5 mg of folic 
acid alone or together with 4 g of betaine (an additional 
co-factor) followed by 1 or 5 mg of folic acid for 40 weeks. 
Total homocysteine levels were grossly elevated (42.6 
Aimol/L) at the beginning of the study and normalized in 40% 
of patients without any improvement in FMD. In a further 
attempt to demonstrate long-term clinical benefit from folic 
acid administration, no improvement in endothelial function 
was seen after 52 weeks in adult hemodialysis patients, 
despite a significant reduction in homocysteine levels. 17 
Similarly in another population of adults on hemodialysis, 
carotid artery distensibility and compliance did not change 
after folic acid supplementation. 27 The explanation for these 
largely negative studies may be due to the particularly 
aggressive complex nature of the vascular disease, the inabil- 
ity to normalize homocysteine levels in CRF, 14 28 abnormal 
folate metabolism, or inadequate folate supplementation. 2g 

We chose to evaluate children because this allowed us to 
study the process of atherosclerosis early in its natural 
history, when it is potentially more responsive to interven- 
tion. In addition, the young population provided an opportu- 
nity to minimize the unquantifiable impact of lifelong con- 
founding risk factors on endothelial function. We excluded 
children with CRF secondary to inflammatory diseases, 
diabetes, and hypertension because these are known to have a 
major impact on vascular function, even in the absence of 
renal impairment. 30 We did not preselect our study population 
on the basis of FMD or clinical severity of disease so that they 
would be representative;; oft the. * effect of CRF in young 
subjects. "., *.v*h*'MH* mM 

The technique, of , FMD - developed by our group is ideally 
suited to this study. It is noninvasive, reproducible, and well 
validated as a melfure of NO-dependent vasodilatation and, 
Ihenee^endotlieliayftinctionjfcjn xonduit arteries. 31 There is 
good correlation between encbthelial-dependent responses in 
thefco ronaryl anc 



corona rv andfforearm circulations! 32 The impact of a 
rangeiof interventions oiPFMD is~well"reported both by our 
, groirof andzothers^in-both^childremand adults with cardi ovas- 



fcular risk factors * 

The dose of folic acid in our study produced serum and red 
cell folate levels higher than in most published clinical 
intervention studies on CRF patients in the literature, in 
which endothelial function was the primary endpoint. Varia- 
tions between 1 mg and 60 mg daily have been used in the 
renal adult literature with no extra benefit on homocysteine 
levels conferred by the higher doses. Duration of treatment in 
adult studies varied from 4 weeks to 52 weeks with the 
maximum effect on homocysteine seen in the first 2 weeks, 
and no further lowering occurred despite increasing doses of 
folic acid. 28 

At the end of the folic acid treatment period, homocysteine 
levels had fallen significantly. There was an 8- week washout 
period between the treatment phases. Analysis of serum and 
red cell folic acid levels showed that the subjects who 
received placebo after the active phase had a reduction in red 
cell folate levels. This implies that there was a "carry over" 
from the active phase and that ideally the washout period 
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TABLE 3. Vascular Responses to Folic Acid and Placebo 





Ba< 


>eline 


After Placebo 




Baseline 


After Folic 
Acid 




FMD, % 


8.2 


±3.42 


8.80±4.01 


NS 


7.21 ±2.8 


8.49 


±3.02 


0.036 


FMD, cm 


0.244 


±0.102 


0.276 ±0.1 04 


NS 


0.217±0.106 


0.252 


±0.081 


0.047 


GTN, % 


12.93 


±5.71 


13.75±6.46 


NS 


12.59±6.53 


11.58 


±5.39 


NS 


GTN, cm 


0.390 


±0.119 


0.404 ±0.170 


NS 


0.374±0.136 


0.350 


±0.129 


NS 


Arterial diameter, mm 


3.11 


±0.57 


3.18±0.59 


NS 


3.13±0.56 


3.13 


±0.58 


NS 


Resting blood flow (VTI), m 


0.058 


±0.03 


0.072 ±0.03 


NS 


0.065 ±0.04 


0.074 


±0.04 


NS 


Peak reactive hyperaemia, % 


680 


±540 


464 ±233 


NS 


488±221 


494 


±232 


NS 



Results are given as mean±SD. NS indicates not significant; VTI, velocity time integral. 



could have been longer. There was, however, no carry over 
effect on homocysteine levels. 

There was a significant improvement in FMD during the 
folic acid treatment phase without change in response to 
GTN, which suggests a beneficial effect of folic acid on 
endothelial function after 8 weeks of treatment. It should, 
however, be noted that the final FMD after placebo and active 
phases were not significantly different. Our findings must, 
therefore, be interpreted with caution, and a longer-term trial 
may be warranted. 

The mechanism by which homocysteine exerts its toxic 
affect on the endothelium is thought principally to be due to 
the generation of free radical species. 9 In experimental 
hyperhomocystinemia induced by methionine infusion in 
volunteers, vitamin C improved endothelial function. 33 In our 
study, we noted a significant reduction in total homocysteine 
levels with folic acid in parallel with an increase in LDL 
resistance to oxidation through measurement of lag times. 
Total antioxidant activity was also measured, but no signifi- 
cant change was noted; thus, increasing the resistance of LDL 
oxidation might play an f impgr|ant?jple in the improvement in 
endothelial function^cause\xidized LDL is a potent vas- 
cular toxin. Alternatively folate may idmprove^endotheliai^ 

• ||| jjf.T : |pc }:>. 

function via endogenous regeneration! of ttetrahydrobiopj- 
terin, 34 an essential c(kfactor*in N0 prb^uctio^or^tlirough-a v 
direct antioxidant effect as shown in vitro. 34 ' 35 

The improved ability to;support renal function in W has 
increased the im^^^^f^^^^mmm^of ■ 
vascular disease. Children are surviving into adult life with 
prolonged exposure to uremia, and there is good evidence that 
vascular disease associated with CRF is aggressive and starts 
very early. Folic acid is safe, lowers homocysteine, reduces 
LDL susceptibility to oxidation, and may improve endothelial 
biology relevant to the development of atherosclerosis. Long- 
term benefits require further study. 
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